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EXECUTIVE SUMMARY

Without proper treatment, urban stormwater runoff can convey
pollutants into local waterbodies, threatening human health, public
water supplies, and aquatic habitats, and possibly deterring
economic activities. The U.S. Environmental Protection Agency
(EPA) established the Municipal Separate Storm Sewer System
(MS4) program in the early 1990s under its National Pollutant
Dischatge Elimination System (NPIDES) to addtess pollution from
urban stormwater runoff. Now almost 30 years later, regulators and
permittees have a greater understanding of urban water quality
management, have compiled illustrative examples of program
successes and failures, and are using new technologies for data
management, modeling, and water quality monitoring.

While the MS4 program has evolved over the decades in response
to new information and tools, significant opportunities for
improvement remain, especially around stormwater program
monitoring and assessment. A more strategic approach to 51
monitoring and assessment, including the use of newer technologies, could enable decision makers
to shift resources from less productive methods and focus on the most useful, cost-effective
approaches.

In March 2018, EPA Region 9, with assistance from EP A Headquarters and in partnership with the
State of California, invited 31 stormwater experts from across the country to Oakland, California,
for a two-day wortkshop titled Improving Stormmwater Permat Approaches to Monitoring, Tracking, Evalnation,
and Reporting. Participants included representatives from EPA, state CWA permitting agencies, local
stormwater programs, national associations, consulting firms, and nonprofit organizations. The
wortkshop was designed to explore current requirements and practices for municipal stormwater
program monitoring, tracking, evaluation, and reporting and identify opportunities for improvement
that would support more effective program implementation

This report aims to provide a synthesis of participant ideas and contributions along with other
existing research to identify the most promising opportunities for strengthening MS4 permits and
program implementation. It includes an overview of the workshop discussions, specific
recommended actions, case studies, summaries of known efforts related to the recommendations,
and, where possible, some indication of commitment by stakeholder groups or organizations (e.g.,
trade associations, permittees, states, universities) to make progress in a given area. The table on the
following pages presents a brief synopsis of the recommendations.

EPA, the State of California, and participating organizations plan to build upon workshop
conversations through broad outreach to partners and stakeholders and continued dialogues
surrounding these important issues. This iterative, inclusive approach allows for 1) more thorough
evaluation of stormwater program monitoring, evaluation, tracking, and reporting provisions; 2)
assessment of opportunities to adjust programs to better meet clean water goals; and 3)
identification of specific actions necessary to enable innovative and effective approaches across the
nation.
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ABBREVIATIONS AND ACRONYMS

BMP
CASQA
CFR
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EPA
GIS
MCM
MS4
NMSA
NPDES
O&M
POC
RAA
SWMM
SWMP
TMDL
WEF
WQS

best management practice

California Stormwater Quality Association
Code of Federal Regulations

Clean Water Act

U.S. Environmental Protection Agency
geographic information system

minimum control measure

Municipal Separate Storm Sewer System
National Municipal Stormwater Alliance
National Pollutant Discharge Elimination System
operation and maintenance

pollutants of concem

reasonable assurance analysis

Storm Water Management Model
stormwater management program

total maximum daily load

Water Environment Federation

water quality standards
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A Note on Terminology Used at the Workshop

Variability in terminology used by local programs and regulators across the country necessitated the
use of a common set of terms during the workshop and for the purposes of this report. As such,
these terms and definitions may not be applicable in all other contexts. During the workshop,
participants extensively discussed the pros and cons of assessing effectiveness of MS4 programs and
their component parts based on use of water quality or other response monitoring data in
comparision with assessment based on analysis of program activities and best management practices
(BMPs). Therefore, a distinction is drawn between water quality and other environmental
“monitoring” and program activity and BMP “evaluation.” Participants discussed how these two
classes of data and information can be used independently or in combination to yield improved
“assessments” of program (or program component) effectiveness. During the workshop, the term
“tracking” referred to the compilation and management of data and information about program
activities. The overall discussion framework established in the workshop that is consistent with these
definitions is illustrated in figure 3, p. 14. A set of key word definitions is presented below.

#  BonBoring « Water guality and other environmental monitoring data collection ina
watershed, within the collection system, - at endeofonipe, or in 2 receiving water that aids in
analying program effectiveness or answering other management guestions,

®  Fualuation = An analysiz of nonswater quality/environmental data and information about
activity and best manazement oractics (BMPI roplementation that aids in deteraining
whether o propram, propram element, activity, o individua! BMP I3 meeting its indended
ailertives, or in answering other management gusstions,

® Tracking - Collecting and comniling data and information dncduding the use ot electrnnic
datatiases and other systems o document program informarinal.

e Reparting - Presenting Information 1o reguistory agencies or ofier stakeholiders to
demonstrate prograny implementation or effectiveness

# Program Sssessment ~ Using a coniination of methods, an analysis of the overal
effectiveness of the M8 progran,

During the workshop, different participants used the terms “activity” and “BMP” in different, not-
necessarily-consistent ways. As discussed in this report, “BMP” is used in its narrower sense to refer
to generally structural treatment or source control measures (e.g. sediment retention basins). BMPs
are a subset of all program “activities”, which also include implementation actions such as public
participation activities and industrial site inspections. The intent in distinguishing these terms during
the workshop was to emphasize the importance of collecting and assessing data and information
necessary to inform assessments of the effectiveness of 4/ facets of MS4 program implementation.

[ PAGE \* MERGEFORMAT Jiv
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INTRODUCTION

MS4 programs are often inherently complex for multiple
reasons—including large geographic areas, numerous
pollutant sources, a mix of program activities and BMPs,
transport of stormwater flows above and below ground in
natural and manmade systems—and “stormwater program
managers find themselves facing increasing pressure to demonstrate the
effectiveness of their programs” (California Stormwater Quality
Association [CASQA], 2015). This pressure comes both
from regulatory agencies, which focus on assessing
compliance with regulatory requirements, and from local
program managers, elected officials, and funders, who
focus on services and their perceived value to the public.
Further, local programs’ ability to carry out MS4 program requirements is often resource-
constrained, thus making it increasingly vital to prioritize activities with outcomes that serve the
community and environment. However, local program capacity to identify improved methods for
assessing program actions and identifying the most effective implementation strategies remains

limited.

MS4 permitting authorities play a key role in determining how MS4 programs must conduct
monitoring, evaluation, tracking, and reporting. Many penmitting authorities are understaffed,
underfunded, or lacking in technical expertise concerning design of program assessment methods.
As a result, many states have limited capacity to work with permittees to improve monitoring and
evaluation approaches and associated permit requirements. In many cases, states also devote little
effort to evaluating data and information collected and reported by permittees. Any initiative to
improve MS4 assessment frameworks will require engagement both by permittees and permitting
authorities, informed by careful analysis of past “lessons learned” in program implementation and
analysis.

As the term “effectiveness” is not explicitly defined in the Clean Water Act or EPA regulations, it
has proven particularly difficult to demonstrate—one of the largest problems facing the national
MS4 program. Much time and money is spent on monitoring efforts that are not designed to answer
key questions regarding program effectiveness or that would guide program improvement.

in Dacember 2017, EPA convaned g
workshop that focused on MS4

While the MS4 program has evolved in response to new

information and tools, significant opportunities for
improvement remain. EPA convened a small group of
stakeholders in late 2017 to assess the MS4 program at large
and identify the most impactful opportunities for
strengthening permits and building program capacity. This
report presents the discussions and ideas from a follow-on
workshop EPA held in March 2018 that focused on

approaches to monitoring, tracking, evaluation, and reporting.

The workshop involved participation of stormwater experts
from across the country, however, a majority of participants
wete from California. As a result, the workshop deliberations

program minimum control
rneasures, indusirial program
requirernents, and water quality-
pased control requirements. The

Progrom implementation

captures workshop

for prograrm improvement and
provides background information
regarding the overall MS4 program.
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and findings may overly represent issues, approaches and perspectives developed in that state. With
no standardized approach to assessing program effectiveness across the country, workshop
participants concurred that there is an opportunity to create a better mix of water quality
monitoring, evaluation, tracking, and reporting requirements that will strengthen linkages between
program assessment and management decisions. Several participants believed that similar
convenings in other parts of the country would be effective in identifying opportunities to improve
MS4 program implementation, assessment, and permitting in ways that are sensitive to regional
differences in program evolution and approaches.

“Monitoring should be a2 way to changs incrementally the standard — not punish the willing. Managerment and
permitting actions must evoive as experience leads to opportu for improved practice and better-informed
expectations” {Water Environment Federation [WEF], 2015, pg. 22},

ties

This report provides a synthesis of workshop patticipant ideas for improvements to monitoring,
evaluation, tracking, and reporting along with other existing research. Section 3 presents the full set
of recommendations, accompanied by discussion overview, related actions, case studies, and, where
possible, some indication of commitment by stakeholder groups or organizations (e.g, trade
associations, perimnittees, states, universities) to make progress in a given area. Inclusion of a
recommendation in this report does not necessarily indicate the support of all workshop
participants; rather, it is intended to stimulate further discussion, inquiry, and possible progress.

1 MS4 WOoRKSHOP

In March 2018, EP A Region 9, with assistance from EP A Headquarters and in partnership with the
State of California, invited 31 stormwater experts from across the country to Oakland, California,
for a two-day workshop titled Improving Stormmwater
Permit Approaches to Monitoring, Tracking, Hualuation, and
Reporting (full list of workshop participants included in

. N L Discharger
Appendix A). The workshop was designed to explore assnciat
current requirements and practices for municipal
stormwater program monitoring, tracking, evaluation, Locst

N . . . Stoaramssaier
and reporting and identify opportunities for

improvement that would support more effective Froerem

program implementation. Importantly, primary goals

of the workshop were to identify (1) how permits can

direct or incentivize these improvements, (2) what

methods could be used to support these

improvements (e.g., training, guidance, identification

of best practices, research), and (3) what entities Figare 1. Relative disteibuotion of

within the sector could help effect these workshop participants across the sector.

improvements m permitting and program practice.

Through facilitated dialogues, invited representatives from federal, state, and local government, as
well as sector stakeholders (e.g., permit holders, trade associations, citizen groups, academia),
evaluated MS4 program monitoring, tracking, evaluation, and reporting approaches to inform
possible changes in NPDES permit provisions and identify opportunities to improve MS4

ED_002551_00001724-00011
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programs. To promote honesty and openness, participants agreed that the viewpoints expressed
would not be attributed to individuals in this resultant report.

As noted above, this workshop was a follow-on to a prior event which focused on MS4 program
minimum control measures, post—construction program requirements, and water quality—based
control requitements. The resultant white paper, Evolution of Stormwater Permitiing and Program
Implementation Approaches, captures workshop discussion and recommendations for program
improvement, and provides background information regarding the overall MS4 program. This
report does not duplicate the background information presented there and instead focuses directly
on the workshop discussions and recommendations for improvement to monitoring, tracking,
evaluation, and reporting.

1.1 Workshop Format

The workshop included 7 sessions over two days in a format designed to identify recommendations
specific to monitoring, tracking, evaluation, and reporting approaches (full agenda included in
Appendix B). Each workshop session followed the same general structure with a conversation
starter, facilitated group discussion, and identification of important findings and specific actions to
strengthen and improve approaches to monitoring, tracking, evaluation, and repozting.

Workshop Sessivns

1. Current Condition - Are the current Monitoring, . 40 Linking Sctivities 1o Expecied Water Quality

tvaluation, fracking and Reporting Cutcomes

reguiremiants effective? 5. How Can We Improve Program Perfoomanee
2. How Can We Better Use Performance Metriesin Trackine?

Faciiitate Immroved Monitoring, tracking, G Reforming Reporting Approaches o Help

gvaluation, and reporting? WMove Prosrams Forward and Give Permitting
3. How Can We Make Cutfall and Receiving Water Authorities What They Need

Monltoring Mare Heelul? 7. Reflection Synthess and Wrap Lp

This report captures the essence of these conversations so that others may benefit from the
collective expertise. EP A plans to continue working with various partners and stakeholders to refine
and implement the most promising ideas for strengthening MS4 programs through improved
monitoring, tracking, evaluation, and reporting, and enabling new, innovative permitting approaches.

1.2 Pre-Workshop Questionnaire

In advance of the workshop, participants were polled to gauge their attitudes toward specific aspects
of the permitting program by responding to a seties of hypotheses. Twenty-four submissions were
received in total. Respondents overwhelmingly agreed that there was potential to realize cost-
effective positive environmental outcomes through improved approaches to monitoring, tracking,
evaluation, and reporting.’

! Partictpants could also respond “no opinion or insuftficient knowledge.”
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Table 1. Response to the pre-workshop questionnaive rating the potential for significant
improvement toward cost-effective environmental suteomes for each element.

Significant vr Little or Mo
Some Potential Potantial

Wooter Guolity Monftoring (receiving water, sutfall, within 100 nercant

o . . . percert -
colfection system, ot project or practive scole)
Non-Water Quality Evoluation {octivity evaluation

P Ay o { ’ ’ ’ 88 percent R percent

effectiveness evoifuation]
Tracking (trocking discrete activities {e.q., inspections, street
sweeging, best management proctice [BMP] installotion), octive 100 percent -
osset management planning and trocking)
Regporting {onnual reporting to permit guthorities, reparting to . .

pl‘ g‘( e 'b Frop » Fex = 88 nercent 12 percent
public or elected officials)

The survey also sought patticipant reactions to a seties of hypothesis statements to help determine
the degree of alignment in opinions prior to the meeting. There was strong support for numerous
statements on the pre-workshop questionnaire which helped frame onsite discussion and can help
orient further consideration of changes in monitoring, tracking, evaluation, and reporting. Select
statements are identified below.

Table 2. Responses o select bvpothesis statements in pre-workshop questionnaire.

Strongly Agree ?t;ongiy
Disagres or
or Agres .
Disagres

Maonitoring designs must go beyond just dota coffection
methods to include doto manegement, dota analysis, and
reporting formats thot clearly link doty collected with
Performance Metrics.

100 percent -

Performance metrics need to be established in concert with

R B e X . 26 nercent ~
improved monitoring designs and methods,

Metrics should enable evaluation not just of what was done,

. ) . , . 896 percent
but also of whether those actions were effective. |

No ane monitoring ond evoluation method addresses ol the
assessment needs; multinle opprooches tailored to locn!
circumstances are negded.

Better guidance ond training on new reporting frameworks ond
how to incorporate them in permits will be needed to navance Q2 percent 4 percent
reporting approaches ot the state and local levels.
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Respondents also provided additional insights and suggestions through the pre-workshop
questionnaire. One recurring theme was that assessing effectiveness cannot be accomplished
through a “one size fits all” approach. Two respondents captured these sentiments as follows:

measyrement §

YEness

vt one fight o
srogrom, Sut thes
be o berter setening

cent elerments o

specify
3.

ifv the opproprinne messure Frocess would be

[ spmething
effective progroms qoross the excesdunce) < poffutants of voncern (POCHD BAP 2
country,” Effectivenass magsurement - Effectivenass mathodology -
Regore”

Additional questionnaire findings are incorporated throughout the report, where applicable;
Appendix C summarizes questionnaire results.

1.3 Defining “Effectiveness”™

A purpose of the workshop was to explore the concept of “effectiveness” and how MS4 programs
and permits can be improved to orent monitoring, tracking, evaluation, and reporting towards
demonstrating effectiveness. While many MS4 permits require local programs to evaluate the
effectiveness of their efforts, there is significant ambiguity around what “effectiveness” means for
MS4 programs——is it a measurable water quality outcome? Completion of required activities?
Achievement of other co-benefits® through infrastructure improvements? Or a combination of
these?

Participants at the December 2017 and March 2018 workshops were asked to describe the key
elements of MS4 program effectiveness, and though common themes emerged, there was significant
variation in the responses. Based on responses from the pre-workshop questionnaires, key elements
include:

® A clear definition of performance metrics (or measures) using “Effectivensss Assessmaent
ists of the mathods

common objectives and concise language.

¢ Results such as enhanced awareness and behavioral change. o evaliate

Managers u
& Reduction in urban stormwater pollution and mitigation of the how well their programs

impact on receiving waters. are \uf.)rkal'sg ane to identify
mndifications necessary 1o
e Tracking progress to ensure accountability of outcomes. improve results” {CASGA,

g . . y Y
e An ability to measure and communicate quantifiable outcomes 2015},

and benefits to communities.

2 For example, reduction in flood risk, improvement in urban aesthetics and amenities through the use of green
infrastructure, and water supply augmentation.
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The following are select responses from the pre-workshop questionnaire describing key elements of M54
program effectivenass:

‘Clear ond meosurabie performance metrics and the ubility to gauge activities and actions versus
those metrics.”

“Ability to estabiish o relaticnship between the BMP/action/activity and a reduction is pollutant
foads.”

“Abiiity to show water quality improvement, behovior change, and an overail understanding of the
benefits and chaflenges associated with urban stormwater.”

Given the variation in responses and known difficulty in defining effectiveness, this report does not
attempt to create a single definition nor does it suggest that a single definition is feasible or needed.
Rather, defining and determining effectiveness should occur at the permit, local, or regional scale
and be based on the unique conditions, objectives, and resources of the area. Additionally,
limitations in the ability for monitoring to effectively and efficiently determine effectiveness must be
considered. Throughout this teport, the authors highlight vatious and situationally unique definitdons
of effectiveness. These are provided to demonstrate the various applications of effectiveness within
the context of MS4 programs and how monitoring, tracking, evaluation, and reporting could be
improved to facilitate a determination of effectiveness.

Workshop participants also wanted to address a common misconception that effectiveness is, in
most cases, synonymous with compliance. For example, a MS4 program could be compliant but may
not be effective in addressing local water quality problems, producing desirable co-benefits, or
meeting other objectives.
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2 OverviEw OF CURRENT {AND PasT) MONITORING AND
ASSESSMENT APPROACHES AND EFFORTS

Currently, permittees and regulatory agencies
frequently evaluate program effectiveness through
a combination of monitoring, tracking, evaluation,
and reporting efforts. Though these requirements
in MS4 permits are intended to enable iterative
improvements, many local programs do not
systematically use their data in this way. Moreover,
regulatory agencies often do not make full use of
reported data and information to assess permit
compliance or to tailor future permit requirements
to better meet information needs.

Stakeholders at the March 2018 workshop were asked to consider improvements to monitoring,
tracking, evaluation, and reporting. As a backdrop for these workshop discussions, there was
acknowledgement that many current approaches may not enable local program managers to detect
water quality changes and correlate MS4 program actions with outcomes. In addition, there are also
many instances where new requirements have been added to permits without careful consideration
of how performance should be evaluated, and program actions adjusted over time. This has
increased the resources needed for monitoring, tracking, and/or reporting efforts and resulted in
often lengthy and intense reporting efforts for permittees with little perceived benefit to the
permittee, regulator, or water quality.

Itis important to acknowledge, however, that there are diverse views on the need to improve
stormwater monitoring, tracking, evaluation, and reporting. Some believe their MS4 programs are
stable and reasonably effective; therefore, they don’t require significant change, particularly as it
relates to the question of whether changes in monitoring and evaluation approaches are warranted.

2.1 Variction in Approaches

The national MS4 program was rolled out in two phases—Phase I targeted medium and large
communities and industrial facilities, while Phase II addressed smaller communities and other non-
municipal entities. Both Phase I and Phase I1 regulations require permittees to assess their
stormwater control measures (Le., BMPs) and perform some level of reporting to regulatory
authorities. However, variability within the regulations and differences in priorities of permitting
authorities have led to significant variation in the way monitoring, tracking, evaluation, and reporting
requirements are represented in permits and subsequently carried out by permittees. For example,
Phase I regulations require permittees to develop a monitoring program, and lazger MS4s may have
requirements that necessitate sophisticated sampling programs with annual expenditures of over
$1M. While the Phase II program allows for monitoring, it does not require it; as a result, some MS4
permits may not require any monitoring program at all (EP A, 2010a). Furthermore, some authorities
have taken markedly different approaches to permitting (and associated monitoring and evaluation
provisions) for each category of MS4 permits.
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Wortkshop attendees indicated that the costs of stormwater monitoring and evaluation (and
associated tracking and reporting mechanisms) are pooly understood. Across the U.S., MS4
program investments in monitoring and program evaluation vary a great deal, reflecting the wide
diversity of municipal stormwater systems, water quality issues, and regulatory requirements.
Without improved information concerning the costs of alternative monitoring, evaluation, tracking,
and reporting approaches, it will be difficult to make appropriate adjustments in how we assess
program effectiveness and adjust program management. Several participants urged a more focused
effort to evaluate costs of different program assessment frameworks to assist in identifying cost-
effective opportunities for improvement.

EPA’s report from the 2017 workshop provides background on MS4 program changes over time. It
conveys a general progression of an initial focus on MCMs to an increased focus on post-
construction stormwater management and low impact development, and then to an increased focus
on water quality-based and TMDL requirements. The tools and approaches for capturing, tracking,
and reporting information have also evolved and currently range from hardcopy maps and
documents to sophisticated GIS-based mapping, asset management software, and modeling,
Furthermore, permittees are using different approaches to water quality monitoring and program
evaluation at different scales and with different technologies.

2.2 Exomples of Approaches

The following list presents several examples of different monitoring and evaluation approaches from
across the country.

® Through its principal permittee and a regional monitoring group, Los Angeles County
M54 permittees conduct monitoring in receiving waters and in-system locations for some
design storms. Cause and effect connections are inferred between actions taken in the
monitored watershed and water quality responses. Modeling using BMP effectiveness
estimates for existing BMPs and accounting for anticipated load reductions for new BMPs is
also used to estimate the likely overall effect of BMP implementation within watersheds and
assist BMP targeting. The Los Angeles County MS4 permit provides permittees flexibility in
designing integrated monitoring programs that leverage monitoring resources for multiple
benefits and use representative monitoring approaches (ie., collection of data from
representative locations that can be used to evaluate program effectiveness in similarly
situated locations elsewhere).

¢ Minnesota Phase II MS4 permittees are encouraged to focus on implementation of
minimum measures and not required to conduct monitoring. The State of Minnesota
administers a statewide surface water monitoring program funded by a voter-supported
measure. It is assumed that recommended BMPs and other implementation actions are
effective and that there is a positive correlation between MS4 program implementation
actions and water quality benefits. .

e  Washington, D.C., has used geographically targeted BMP implementation and monitoring
designed to detect “signals” in water quality change based on intensive implementation of
green infrastructure BMPs in the targeted area. Information gained at the smaller scale will
then be extrapolated to evaluate latger scale implementation. The efforts include interim
measurable milestones so the evaluation timeline is constrained.
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® The City of Salinas, CA, in the Central Coast region has experienced an evolution of
approaches since 2005 when there was a weak connection between water quality monitoring
and program effectiveness. The program has moved from trying to assess the effectiveness
of different program activities to focusing more on treatment control BMP assessment and
outfall Joad-based monitoring at several locations. This effort has been coupled with a web-
based dashboard for tracking progress, guiding adaptation, and providing information to
regulators.

Workshop participants recognized that monitoring is conducted for different purposes and that
monitoring designs can and should vary depending upon their intended purposes. For example,
compliance related monitoring is often wider in geographical scope but shallower in coverage. This
type of monitoring is conducted by many, if not most, permittees. During the workshop, there was
extensive discussion of whether the “wide but shallow” approach to compliance monitoring
supports effective, discriminating program assessments.

In contrast, BMP ¢ffectiveness monitoring is usually conducted in fewer (but hopefully representative)
locations in greater depth. This type of monitoring can be conducted by different organizations but
is done with the understanding that it need not be repeated by every permittee if it was well-
designed at the outset. Attendees discussed whether existing BMP effectiveness monitoring to date
provided enough information about BMP performance in addressing different settings and
pollutants.

Finally, workshop attendees also discussed water quality #rend monitoring as a different type of
monitoring intended to assist evaluation of water quality over time. Trend monitoring may be
related to compliance monitoring. Participants noted that associating changes in water quality with
changes in stormwater management practices and actions is desirable but analytically very
challenging from a monitoring design standpoint. During the workshop, participants generally
agreed that it is very important to distinguish among differing monitoring objectives in setting
monitoring expectations and clarify management questions we want monitoring to address during
the design process.

For additional context, a workshop participant has characterized their views on how MS4 programs
has evolved overall—including overall conditions, approaches, and lessons learned—since the eardly
1990s (see Table 3 on the following pages). This is intended to provide a general point of orientation
to provoke thought and further discussion. It does not attempt to capture the status or changes in all
programs nationwide.
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Table 3. General Obsarvations on the Evolution of MS4 Programs

Early Generation Permits (1990s) Middle Generation Permits (2000s) Recent Generation Permits (2010s)
® re i a greater ¢ POCs argely driven by
2 + System assets were better known and there was TMEL gprovisions in M54 permits.
g increasing awareness of the need to address » There s an increased concern aboui asset management and
=2 « Programs had i nowledge o acific water guality issues {often through TMDLs) fong-term mat ystem assets,
3 assets and there were few known water guality tive progre e There ks a broader focus on stormwater impacts and value
% drivers to direct program implementation, + Newer data managerment fools were startiy bevond water quality (e.g., water supply augmentation,
fg used and some information on BMP chivenass ood sk, urban amenities/climate impacts).
@ was becoring availabie. ® Thare are new automal
mathod can enakble
& Monitoring efforts were mainly focused on » More elaborative MOM reguiremants and » Permits include more specific water quality-bases
charanterizing flows from the system and rarrative recguirements to meet water guality reguirements, often connected to TMDLs.
astablishing baseline monitoring data for urban standards (WQS) were included in permits. Some & Parmit structure varies depending upon whether goals are
water quality conditions and trends. permits included numerin triggers or a1 evels ed in terms of cuicomas (numeric Hmits or triggers)
« Sampling was requived for a few storms per year, for POCs and requirements for low impact - activities (BMP systems based on analysis of needs).
with little to no sampling during dry weather, lapment approaches for new/redevelopment. = Models are increasingdy used to inforn long-term program
. « Sampling was rarely conductad from M34 + Sorne perraits began to use surrogate indicalors n and pradict ary control levels,
'fq’ oulfalls; instead it was collected at convenient {e.g., fow retention, impervious cover} to reduce & Minimwumn control measures remain but, in some instances,
Eé focations in the lower parts of watersheds 1o 155 and protect receivi focus on a subset that are viewed as more effective.
% characierize “mass emissions” from all upstream e Empacts, s Adoption of asser managemant allows for operations and
oy M54 discharges {often comingled with other s ed on maintens ity reporting and a deterrination of
seurces and infilration). terming optimal asset inspection and maintenance schedules.
& Permitiess typinally designed thelr own s There is fess of 3 focus on basie water quality trend
monitoning prograns. monitaring in receiving waters and more of 3 focus on
s Paper regorting of water quality data 3nd other s Permitiess continued visual inspe reprasentative outfall monitoring to help evalus
program activity measures (e.g., inspeciions, Bnps, and dry weather flows and documented causation.
sireet sweeping) through gualitative descriptions el coourrence i senust reports. There was s There is an increasing use of automated samglers, butin
andfor senti-quantitative information ravely an analysis of their eff 2RSS, Hmites focatans.

138
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Early Generation Permits (1990s)

Middle Generation Permits (2000s)

Recent Generation Permits (2010s)

Lesapns Learned

®

®

®

f15 rarely enabled key
including compliance
3 based on the

Manitoring program des
management guestions ¢
questions} 1o be answe
callected data.

nsufficlent data was collected to detert
poliutant trends in receiving water or dist
among contritting band uses or geographical
are

There was insufficient eval
1o ensure that stormw
consti

on and reporting
¥ controls {e.g., post-
on BMPs) were installed and properly
rsintained.

2t
There was insufficient or analysis to
CM5 or other
ng specific water

avaluate effectiv
activities/BMPs in a
quality conoerns,

o

%

%

There was still insufficient data collected to detect
pollutant trends in receiving water or distinguish
redative contributh fi fferent fand uses,
geographical areas, or individual permit

25,
Monitoring designs did not support robust
tatistical analysis or provide a linkage between
ving water impacts and specific MS4
sdischarges (i able 1o answer the key question
of whather the 854 was causing or contributing to
a WS excesdance)

There was still insufficient data and anaty
regarding BRP effe 255 10 ¢
instalied BRMPs wel
benefits,

esuiting in the intended

Reporting and program evaluation still did not
thoroughly & ss the effectiveness of M3S4
programs in creating the desired water quali
dutcomes.

armine whether

®

fmproverns 1ifl needed 1o evaluate the effectiveness of

activities performed under the MCMa.

%

%

New sensor technologies are not widely being used in
monttoring program design.

puch receiving water and outfall monitoring still do
facilitate source analysis, corapliance evaluation, or
effectivenass evaluation.

s Gl

There is a nead to better understand bow increasing
ratiance on modeling affects monitoring and reporting
nieeds.

pMaodeling capacity and monitoring design will nee
evolve to batter account for non-water quality in
benefits {e.g., water supply augmeniation through
infiltration, reduced flood potential, heat istand impact
raductions).

138
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&3 Existing Assessment / Evaluation Efforts and Resources

Since the MS4 program began, several entities have articulated potential improvements for program
monitoring, tracking, evaluation, and reporting approaches. Despite these efforts, there is still a clear

need for more concise and reproducible approaches to monitoring and evaluation that yield

actionable information with linkages to water quality outcomes. Further, additional training for

permit writers and permittees is needed to build overall capacity relating to monitoring and

evaluation strategies. The following identifies select examples of existing resources; it is not intended

to be fully comprehensive.

EPA Region 3's Evalnating the Effectivencss of Maunicipal Stormwater Programs describes a process
of goal setting in stormwater management programs (SWMPs), matching evaluation to
management goals, evaluating SWMP effectiveness through a combination of program
operations (e.g., activites), social indicators, and water quality monitoring. The document
excerpt below displays an example thought process of matching evaluation to management
goals and the corresponding actions needed to measure and assess.

“Evatuation of the effectiveness of a SWMP must relate diractly to its goals. Twe central quastions
are: dre we meeting the municipel SWMP goals? and Are we meeting NPDRES stormwater regulatory
requirementsy If a goal is to keep a swirnming baach open, i i5 often nacessary to determine the
wxtent 1o which water quality criteria for bacteria ara being met. If a goal is to reduce nutrient loads
by 40% fron a watershed, it is then necessary to measure nutrient loads and compare measured
loads against the goal.

Meeting your water quality goals is the ultimate sign of prograrm success, however, meeting
programmatic or social goals can ailso be indicators of a successful program. Information on how
these goals are met will sarve as eritical feedback in the terative process of stormwater
management.” (EP4, 2008}

The California Stormwater Quality Association (CASQA) has also done significant work
related to MS4 program effectiveness assessment and monitoring since the early 2000s.
CASQA’s morte recent guide titled .4 Strategic Approach to Planning for and Assessing the
Eflectiveness of Stormwater Programs is a comprehensive 500-page reference intended to
“establish specific ‘how to’ guidance with examples for managers in planning and assessing
their MS4 programs” (CASQA, 2015). The document introduces the concepts of six key
outcome levels that provide “structure and measurability to evaluate and improve
Stormwater Management Programs over time.” The outcome levels (depicted in Figure 2
below) provide a basis for discussion of how progress can be measured for MS4 program
elements through monitoring or other means. This is an important tesource to consider
while developing a vision for the future of stormwater monitoring to improve program
efficiency and effectiveness. CASQA also developed a Program Effectivencss Assessment and
Improvesment Plan Framework, an approach and format for permittees to assess and document
MS4 program effectiveness that based on their guidance document. Many MS4 permittees in
California are required to use this, or a modified process, to perform effectiveness
assessments.
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Figure 2. CASQA stormwater quality outeome lovels, Graphie inchided in
this report with permission from CASQA (CASQA, 2015,

The Southern California Stormwater Mounitoring Coalition (SMC), a collaborative effort
with 14 member agencies (both regulated and regulatory), focuses on developing resources
and tools for its members to “better understand stonmwater mechanisms and impacts” and

help “effectively and efficiently improve stormwater decision-making” (SMC, n.d).

EPA’s MS4 Program Eyalnation Guidance is a guidance document developed for state and
NPDES permitting authority staff to assess compliance and effectiveness of MS4 programs.
This document has setved as the basis for compliance audits since its publication. The
document notes that “the findings of the MS4 evaluation should not be based solely on the
level of achievement of measurable goals. It is important, however, that the permittee’s
SWMP includes the use of measures to assess progress towards meeting goals that benefit
water quality and not rely on ‘bean-counting” (EP A, 2007).
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The California State Water Resource Control Board’s Guidance for Assessing the Effectiveness
of Municipal Storm Water Programs and Permils was developed to assist State Regional Water
Board staff in assessing the effectiveness of the storm water programs implemented by local
agencies. The document incorporates CASQA’s outcome levels in its process and “lays out a
framework for assessing the effectiveness of MS4 program implementation as a whole, rather
than looking at the individual programmatic elements” (CASWRCB, 2010).

The Center for Watershed Protection’s document titled Mowuitoreng to Demonstrate
Environmental Results: Guédance to Develop Iocal Stormmwater Monitoring Studies Using Six Example
Study Designs presents monitoring study designs to help communities develop monitoring
studies that will improve local stormwater programs (CWP, 2008).

Overall, programs actoss the country currently fall in different places along the continuum of
program implementation and there remains a need to improve and tailor monitoring, evaluation,
tracking, and reporting approaches to better determine the effectiveness of different program
actions and strategies and facilitate adaptive management over time.

2.4 Conceptund Effectiveness Assessment Framewaork

Though there is vadability in terminology used across the country that reflects differences in
program requirements and approaches, there are relevant general concepts that can broadly be
viewed as “monitoring, evaluation, tracking, and reporting” and can feed program effectiveness
assessment efforts and program implementation adjustments.

Building an Assessment Framework From Monitoring, Evaluation, Tracking, and Reponting

How M54 programs {1 pose key management questions to answer through monitoring and
evabiation, {2} sample stormwater runoff and/or receiving waters, {2} document and
avaluate implamantation of program activities and BMPs, (3)synthesize and analyze resuls,
{4} track implementation actions and effectiveness, {5) report to parmitting authorities, and
{6} rake program changes in response to effectiveness assasamants.

Togethet, these steps comptise a general program assessment framework that should assist program
management and adjustment by local program managers, and compliance evaluation and permit
adjustments by permitting authorities. To gain a more comprehensive view of a program’s
effectiveness, many workshop patticipants expressed a need to tie activity tracking information (ie.,
non-water quality data) with water quality data obtained through monitoring (e.g., routine
monitoring, special studies). Over time this integrated dataset could be tracked and assessed to
identify a program’s function and effects, and a permittee could report this information and lessons
leamed as needed (or requested by the permitting authority).

The following graphic illustrates this relationship between different these types of information and
actions, and conveys the concept for fostering an integrated perspective between water quality
monitoring and program implementation activities. Many M54 programs implement parts of this
framework; however, few programs currently conduct fully integrated analyses of program
effectiveness that serve as the basis for compliance evaluations and program improvements. During
the workshop, participants recognized that this framework represents a vision of integrated
assessment that will be challenging for many MS4 pemmnittees to implement. However, participants
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also acknowledged that many programs continue to implement their existing programs with little
understanding of whether they are effective. By building understanding of and capacity to
implement more integrated assessment approaches, communities should be able to improve how
they collect and use data and information to assist program improvement.
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Ssorrwamier Program aplemenistion

Moninr to Aogaxs Eealuate
Water Guality : fnipdementation
Besponss Sothvition

frtograte to Link and
Sanesy Bfferthornesy

Track Sotheilien, Bufiust

Chncomes, Hectivensss irrspsemeniation

Figure 3. Conceptaal program assessroent framewark which bighlights the hindkage between
water quality monttoriog and evalvation of implementation activities to wfomny adpestoents
o prograse naplementation.
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3 RECOMMENDED PROGRAM AND PERMIT IMPROVEMENTS

During the workshop, facilitators encouraged SR
participants to identify tangible ways to improve the
design and implementation of (1) monitoring and
evaluation tools to assess program effectiveness, and (2)
tracking and reporting approaches that enable better use
of available monitoring and evaluation information.
These conversations generated a wide range of
recommendations related to monitoring, tracking,
evaluation, and reporting that can be organized under
the following broad headings:

¢ Recommendations for Capacity Building and Program Support (Section 3.13:1)

¢ Permitting Recommendations (Section 3.23-2)

e Making Outfall and Receiving Water Monitoring More Discriminating to Inform

® Improving Our Ability to Detect Effectiveness—Approaches to Link Water Quality
Outcomes to Actions (Section 3.43-4)

e Improving Program Tracking and Reporting (Section 3.53-5)

Togethert, these discussions and recommendations are ultimately intended to spur action towards
creating a better overall program assessment and adaptation framework that will help local program
managers across the country. The set of recommendations presented in this report is not definitive
nor is it exhaustive; rather, this report is intended to serve as an inspiration for further discussions
and follow-on actions. References to select projects or organizations are incorporated throughout to
serve as case studies and examples of related efforts.

3.1 General Copocity Building ond Progrom Support

While approaches to monitoring, tracking, evaluation, and reporting can be viewed in their own
lanes, they are intrinsically linked together and, to some degree, need to be considered collectively to
identify meaningful improvements. As such, workshop discussions often focused on this holistic
view and resulted in several overall recommendations to build integrated capacity related to
monitoring, tracking, evaluation, and reporting. Collectively, the following strategies could improve
overall MS4 program effectiveness and water quality outcomes.
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3.1.1 Develop a Vision for the Future of Stormwater Monitoring to Improve Program
Efficiency and Effectiveness

During the workshop, participants identified a lack
of a central vision for why local programs perform
monitoring—what questions do we need to answer
now and into the future—and how these efforts
relate to program evaluation, tracking, and reporting.
Participants highlighted significant inefficiencies in
how these activities are typically carried out and
noted potential for improvement with benefits for
local programs, regulators, and water quality.

Notably, many participants expressed concern that
many municipal stormwater monitoring efforts are
resource-intensive and yield little actionable
information for management decisions or result in the generation of the same information year over
year. Some participants also emphasized an acute need for models to enhance program capabilities
for planning and program assessment; otherwise water quality monitoring across large geographic
areas and time scales can be resource-prohibitive. However, along with increased model usage
comes a need for increased water quality monitoring data to inform and validate models.

During the workshop, participants discussed what they envisioned to be key attributes of a more
effective approach to monitoring and how it may intersect with other evaluation, tracking, and
reporting efforts. These included:

e  Clear management questions related to water quality outcomes and activity implementation.

e A process for conducting effectiveness assessment that is tailored to the program element
and the management questions being asked.

e Use of improved monitoring designs (location, scale, frequency, methods) to detect a
“signal” or change in pollutant loading in stormwater or receiving waters for POCs.

e Monitoring efforts that are complementary to and aligned with activity tracking and
assessment to better evaluate effectiveness of treatment or source controls (e.g., are they
implemented correctly, receiving proper maintenance, and operating as expected?) and
improve the basis for assessing cause and effect.

¢  Documented monitoring and evaluation designs coupled with identification of program
modifications envisioned to improve effectiveness, inform program adjustment and new
stormwater management initiatives, and achieve intended outcomes.

As noted above, workshop participants identified pollution reduction, water quality
protection/improvement, enhanced public awareness, and behavior changes as some key elements
of program effectiveness. To achieve these outcomes and guide program implementation, wotkshop
participants also noted a need for clear program performance metrics (further described below in

Section 3.1.33-4:3).

Participants also recognized the need to distinguish between desirable assessment approaches that
are reasonably well understood, but poorly disseminated and supported, and approaches that would
benefit from further research and development. There was strong agreement that more needs to be
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done to train practitioners in the use of new monitoring, evaluation and integrated assessment
methods. Workshop participants also stressed that more basic research is necessary to develop new
methods and validate their use in new settings and to address different pollutant types and
hydrologic settings.

3.1.2 Develop Guide to Improving Monitoring and Evaluation to Better Serve M54

100 percent of pre-workshop
guestionnaire raspondents

RHUSE g
coflect]

duta management, data

Graly:

that ciearly iink data coflected
with performance metrics.

Programs

that "Monitoring
feyond just duta
an methods to include

and reporting formats

”

Currently there are various approaches to monitoring and
evaluation used across the country. As described above, some
involve a broader-scale, state-run surface water monitoring
program with a certain level of association with local MS4
programs, others involve a mix of receiving water and outfall
monitoring and activity tracking and evaluation at the local
jurisdiction level, and yet others are implemented in smaller
watersheds to evaluate the effectiveness of specific types of
stormwater control and treatment practices.

Wortkshop participants discussed a need to identify the range of effective monitoring approaches
used and how they associate cause and effect (i.e., are MS4 program actions impacting water quality
conditions). Further, some participants suggested using this effort to identify successful designs to
inform a national level guide on monitoring and assessing program effectiveness. This could
promote consistency across the national MS4 program and enhance efficiency in local program
implementation and efforts by regulators during permit development and compliance review. For
example, one participant indicated that 34 stormwater monitoring groups in southemn California

wete unable to develop common monitoring questions due to differences in study designs, methods,

or data management systems.

The proposed guide could be informed by existing resources on monitoring and effectiveness and
the entities involved in their development and ongoing monitoring design efforts. Workshop
participants suggested this guide should include the following elements:

Framing key monitoring/evaluation questions and designing approaches to fit the questions.

Specifically, this could include alternative program designs with advice on assembling the
components (e.g., receiving water, outfall, and in-system water monitoring; BMP
effectiveness monitoring; activity tracking of treatment and source controls; modeling) to
inform assessment of the overall program and demonstrate effectiveness. This should show

how to build a sound analytical framework up
front to demonstrate why a set of approaches
will likely be successful in assisting program
management and defining or tracking
compliance and effectiveness.

Considerations for adapting
monitoting/evaluation questions over time with
a reasonable limit to the creation of new
questions.

Examples of successful local approaches that
better associate monitoring/evaluation design

Example Monitoring/Svaluation Questions

®

Arg BMP systems now implemented
in Sample Creek watershed sufficient
o meet TMDI-based sediment
finits ? If not what aduitional BMPs
are needed?

Which land uses or sub watershed
areas gre principolly responsibie for

copper foading?

Have specific public education efforts
resulted in measurable reductions in
trash discharges? How much?
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with program effectiveness, compliance assessment, and the ability for program managers to
make management decisions.

&  Suggested monitoring methods to assess BMP effectiveness over time.

&  Available monitoring technologies and best practices that clearly link the monitoring
objectives with the experimental design, including all aspects of data collection, data
management, data analysis, and reporting formats.

¢  Compiling monitoring program costs to help show the wide range of program expenditures,
how monitoring data is used to inform program decisions, and how to better atticulate the
value of the data.

e Explanations of modeling approaches and how they can relate to monitoring and adaptive
management.

Beyond the monitoring design elements, select workshop participants suggested that clearer
direction is needed for the technical aspects of monitoring as well. Specifically, standard
protocols and references are needed approprate equipment, protocols, site selection, sampling
frequency, data management/analysis, and quality assurance. Program evaluators (e.g.,
regulators) also need guidance in assessing the technical “quality” of discrete monitoring
program elements.

3.1.3 Establish Key Performance Metrics {Activity- and Qutcome-Based) for Municipal
Stormwater Programs

There was agreement among workshop participants that clear
performance metrics need to be established to enable
meaningful MS4 program evaluation and monitoring efforts.
Participants discussed ideas for developing metrics that are
valuable and can help define measurable outcomes. Multiple

Minaty-six pereent of pre-workshop
questionnaire respondents agreed that
“Performance metrics need to be
established in concert with improved
maonitoring designs and methods” and
that “Metrics should enabie evaiugtion

people suggested that efforts are needed to compile possible i
not just of what was dose, but also of

metrics (from prior efforts such as rulemakings or new i : e
whether those actions were effective.

metrics), conduct research to validate efficacy of different
metrics, and synthesize the information to spur progress in

this area.

It was noted, however, that it may not be possible to identify meaningful performance metrics with
measurable outcomes for some MCM activities. For example, it has proven difficult to identify
appropriate performance metrics to assist in evaluating the effectiveness of public outreach and
facility inspection programs. Further participants indicated that there should be specific
considerations for the differences between treatment control BMPs (e.g., permanent stormwater
controls) and source control BMPs (e.g., facility inspections) in setting performance metrics.

During a facilitated exercise, workshop participants brainstormed possible overall mettics as
indicators of program performance that go beyond tallying activities or “bean counting.” Below is a
list of ideas put forth by participants.

® Percent of impervious areas addressed for stormwater management.

e Condition or “cleanliness” of streets as an indicator of potential pollution from runoff.
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® Percent of impervious surface areas directly connected to
the storm drain system.

The Arnerican Water Works
Association has a benchmarking
program for drinking water
programs; no analogous
program exists currently in the
SLOFMWater $ector

e Modeled volume of flow to the storm drain system used as
a surrogate for pollutant contributions.

e Percent of waterbodies in a community that are fishable

and swimmable. The Mational Municipal

e Loss of beneficial use of a waterbody (e.g., beach closure Stormwater Alllance (NMSA} s

downtimes). currently working with the
American Society of Civil
Engingers to develop a national
stormwater “report card” since
data on program performance is
tacking.

e Measured level of awareness of citizens regarding
stormwater pollution and the community’s program.

® Increasing number of illicit discharges reported annually;
indicating heightened awareness.

¢ Budget for stormwater infrastructure improvements.

Participants also discussed several MCMs and whether clear links could be drawn between program
activities and measurable water quality outcomes. It was easier to envision linkages for water-quality
based efforts such as stormwater management in new development and redevelopment through
BMPs, while activities like public education and outreach, construction site inspections, outfall
screening activities proved more challenging. One workshop participant characterized it this way:
“There is an obvious desire to seek and set onsome rather than output performance metrics. However,
MCMs are primarily or essentially low-cost prevention actions, which don’t lend themselves to
measurable water quality outcomes.”

Questions remain as to what are meaningful performance metrics for MS4 programs overall as well
as the individual program elements and MCMs. Further, what is an appropriate mix of output and
outcome metrics that can guide programs in developing monitoring programs, assessing
effectiveness, and performing tracking and reporting functions? Participants recognized the
difficulty of making these linkages but emphasized the impozrtance of better addressing this
challenge.

Workshop participants suggested that additional work will be needed to compile, evaluate, and
disseminate information about existing performance metrics. For many types of program activities
(e.g. public participation and some other MCMs), additional research will be needed to develop and
validate new metrics prior to implementation.

3.1.4 ldentify Ways to Leverage Existing Data Sets to Improve Program Management
Decisions

MS4 programs have collected, documented, and reported a significant volume of data on
implementation and monitoring over the years. While some permittee representatives at the
workshop lamented the amount of resources typically involved in tracking and reporting, they also
acknowledged that the vast amount of data collected has the potential to inform program
management decisions. For example, existing data sets regarding illicit discharge locations and types
could be analyzed in concert with outreach information and awareness levels to identify trends and
better direct program resources to address illicit and unpermitted discharges. In addition, significant
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water quality monitoring data has been collected by many permittees and this data could be explored
further to identify additional ways to use the data to tell the story of what is happening within a

waterbody or watershed.

Workshop participants suggested that better data analytics
tools, processes, and guidance need to be developed for
program managers to (1) turn existing data into
information, (2) use the information to more confidently
make program management changes, and (3) collect better
data to continue to feed the process. One inherent issue is
that local programs use various mechanisms for tracking
data and not all programs track the same types of data.
This issue will need to be considered and addressed, and
the development of new tools with tangible uses could
encourage more consistency in data collection techniques.

There was also discussion at the workshop regarding the
possible use of data and information in annual reports
submitted by local programs in a state or region.
Workshop participants noted that many NPDES
permitting authorities do not have resources to fully
review the significant quantity and volume of annual
reports submitted; however, within those reports there
may be some intermediate indicators of program

California’s Storm Water Multiple
Applications and Report Tracking System
is @ web-based platform for stormwatar
program {construction, industrial,
municipal) permit applications and
reporting. Workshop participants
suggested that data in this system could
be used to help inform some municipal
stormwater program functions and

tias, especially as it relatas to
oversight of construction sites.

EPA's NPDES Electronic Reporting Rule
{E-Reporting Rule}, raquires entities to
elactronically submit specific permit and
compliance monitaring information

instaad of fifing paper raports beginning
in 2020; this presents a key opportunity
te coltect information, analyze data, and
compare the raauils,

performance that could readily be identified to provide feedback to permittees.

Trends observed in a group of annual reports in a state or region could be used to inform permittees

of common issues and areas requiring more clarification or suppott to yield better program

implementation. Many states or regions have municipal stormwater management groups that meet

periodically and could serve as a forum for sharing this type of information—the issue is who will

review these teports to identify common issues and trends. Though regulators ate typically looked to

for reviewing annual reports to determine compliance with implementation and reporting
requirements, without full resources for regulators to fulfill this role it may be worth considering if
other groups (e.g., non-profits, university research students, watershed groups) could provide a
routine review and analysis of publicly available annual reports. These groups could wotk

collaboratively with regulators to develop an approach that would bring more utility to the annual

reports produced by permittees and help buoy program implementation in a state or region.
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3.4 improving Permitting Strategies

As noted above, many permitting authorities and permit holders
believe there are significant opportunities to improve approaches to
municipal stormwater program monitoring, tracking, evaluation, and

Eighty-aight percent of pre-
workshop questionnaire
respondents agreed that

“Stormwater suality reporting, and these improvements may be directed or better
monitoring has been iargely incentivized through permitting strategies. Workshop participants
ineffective in assisting indicated that permit writers need additional training and guidance on
compiiance evaluation, best practices. Example permit language would also help with
proplesm targeting, ond implementation.

progrom improvement.”

As was noted in the first workshop, MS4 permitting programs are
often understaffed and have devoted insufficient resources to provide and/or update technical and
policy guidance, assist permittees in program improvement, and issue timely permitting decisions
and compliance actions. Provision of adequate resources for EPA and state permitting offices will
be critical to facilitating improvements in permitting and program development. It was recognized
during the workshop that permitting authorities bear some responsibility for improving and
validating program monitoring and effectiveness assessment methods and demonstrating how they
can be authorized through permit actions.

3.2.1 Improve Clarity of Monitoring and Effectivensss Permit Reguirements
{Including Objectives, Methods, and Designs}

Workshop participants suggested that current permit designs for monitoring requirements often lead
to long-term monitoring at geographic scales which do not enable
detection of signals for program petformance or establish cause and
effect between program actions and water quality conditions. Further,
there is often an aversion to modifying monitoring locations for fear

Minaty-two percent of pre-
workshop questionnaire
raspondents agread that
"Training ond cutreach for

of losing continuity in long-standing datasets. Some of this may be permit wiiters, progrom
due to ambiguity in permit requirements or reluctance by permit staff and elected afficials on
writers to change lrequirements; it may also be an attempt to put the new methods and designs
onus on permittees to develop monitoring programs without are needed to familiarize
guidance to steer them toward more efficient and effective designs. these groups with their

. . . . . nefite cnd limitatians
Many permits also give equal weight to tracking and reporting for all benefits and limitations.

aspects of program implementation, which can lead to highly
resource-intensive efforts by local programs to record, compile, and summarize information for
annual reporting efforts.
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Wortkshop participants identified an overall need for permitting authorities to improve the clarity of
monitoring and evaluation permit requirements and to use
thoughtful methods/designs that will yield actionable data. Further,
some participants noted that permits may be able to provide choices
or flexibility for monitoring approaches and help incentivize better
designs. Flexible permit requirements can support adaptation of
monitoring to evolve with program needs, with the potential
questions to be addressed changing over time. Success of such an
approach may necessitate discontinuing some monitoring efforts to
redirect resources to more pertinent or valuable monitoring.

To help permitting authorities to understand various approaches
being used across the country, EPA developed a compendium series
of M54 permitting approaches. Part 3 focused on water quality-based
requirements and mcluded a section describing monitoring and
modeling approaches related to TMDLs and water body ed requirments
impairments. While this compiled information is helpful for compendivm that includes
understanding some relevant monitoring case studies, it does not several snonitoning program

igure 4, ¥ tquality

P

evaluate what aspects of the efforts were successful or unsuccessful,  ezamples.

identify benefits and limitations, or provide advice on what

approaches are appropriate for certain scenarios. There is a continuing need to identify different
approaches and extract the lessons learned and best practices to inform efforts by others in the
sector.

Catifornia’s Municipal Regional Stormwater NPDES Permit for the San Francisco Bay area {adopted 2015}
features a roonitoring program that is driven by management gquestions, allows for scaling up to larger
areas {cou wide ar region-wide), accounts for differant types of monitoring {e.g., receiving water status
manitoring, POC moritoring), and includes strassor/source identification projects in responsa to
raonitoring findings. The permit provides directions on various methods to obtain relevant information 1o
drive management actions. The monitoring reguirements have attempted to provide a balance between
directives and flexibility to alfow permittees to saek optirnum benafit from manitoring with available
manitoring resources.

It should be noted that increased clarity and better designs may not be possible without first
accomplishing some of the recommendations for capacity building and program support described
above. Training and other support tools will be needed to help boost permit writers” understanding
and ability to improve approaches to monitoring, tracking, evaluation, and reporting.

3.2.2 Create a Pothway in Permits to Make Special Studies More impactful

Special studies or additional monitoring requirements are often included in NPDES permits to help
gather data needed to explore identified issues and support future permit development. The NPDES
Permit Writers’ Manual notes that permit writers should establish reasonable schedules for
completion and include in the permit any requirements (e.g., special sampling, analytical procedures)

related to the study (EPA, 2010b).

Workshop participants indicated that, especially in California, many long-term or special studies
have been completed, but there often isn’t the opportunity to apply the lessons learned from the
efforts. Participants urged that # special studies are required, there should be a clear pathway in the
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permit to apply what is learned. Further, some participants noted that special studies should be
designed to address a specific topic and result in a short-term study with a discernible beginning,
middle, and end—a process to obtain the answer to the question, apply the knowledge, make
program and/or permit changes, and then move on.

Some participants described special studies as an opportunity to be more targeted in scope. In such
cases a study would not necessarily have to relate to overall program effectiveness, rather it could be
used to improve program operations. For example, special studies could be a testing ground for
exploring the use of innovative technologies, sensors and screening devices, or remote sensing on
smaller scales before a program makes a significant investment and a permit writer moves any
associated requirements into the core permit. There could be a tiered approach that links the
research field to the regulatory community to help field test new technologies.

agencies {hoth r ated and regulatory), that has conductad more than 20 projects over the past 14 years
with a focus on topics such as {1) understanding runoff mechanisms and procasses, {2 building monitoring
infrastructure, {3} optimizing managemeant strategies, and {4} assessing impacts and mprovements in
receiving water. While each SMC agency has spent fess than 5500k on these efforts over the past 14 years,
the members have leveraged thase investments through in-kind contributions and grants to create a total
investroent of more than S17M. According to an SME member, each of the projectsundertaken by 5MC has
{ud to changes in the way the mamber agencias manage stornwwater or implement NPRES parmits.

One wortkshop participant discussed how special studies could more effectively be viewed within the
construct of an overall monitoring approach.

® Special studies should explore very specific, complex questions. If the questions are
answered, then the benefits could extend far into the overall MS4 program.

& Sophisticated equipment and protocols may be needed for special studies, though the
outputs should be simple and applicable to help a program adapt.

e Not all permittees should be asked to perform special studies—there should be fewer, more
specific special studies to answer questions facing the program.

e Some questions (e.g., BMP effectiveness) may not be appropuiate to address through
permits; outside parties should be engaged to help.

In summary, participants saw an opportunity to improve how the results of special studies are
applied to the not only the programs that conducted the studies but, in some cases, the larger
community of MS4 programs. However, at present, there is a gap in bringing this knowledge to the
broader program. A dedicated institution (e.g. an academic or research organization) may be best
suited to serve as a central information hub to gather, evaluate, and disseminate relevant information
from such studies. For example, the original text of H.R. 3906: Innovative Stormwater
Infrastructure Act of 2018 proposed the establishment of “centers of excellence” for innovative
stormwater infrastructure.” Although this proposal was dropped from subsequent versions of the
bill, workshop participants found this idea compelling.

3 For the full H.R. 3906 text and status, see https://www.govtrack.us /congress /bills /115 /ht3906.
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3.2.3 Evaluate Whether Lack of 40 CFR Part 136 Approval Presents a Barrier to
Implementing New Technologies for Water Quality Sampling and Analysis

There has been a proliferation of new technologies for measuring water quality, with an increasing

trend toward continuous, real-time sensors. In addition, new “bio” technologies (e.g., genetically

engineered bacteria that fluoresce when they contact metals) are being developed to detect the

presence of certain constituents. Approved sampling and analysis methods at 40 Code of Federal
Regulations (CFR) Part 136 do not necessarily include these new methods, which workshop
participants identified as a potential barrier to their use. The need to validate new technologies was

identified as hindering both technology commercialization and the ability of MS4 program managers

to confidently move forward with using new technology.

As an action item, workshop participants suggested
inventorying currently used non-CFR-approved technologies
and known instances where programs have elected not to use
a new monitoring technology because it is not an approved

method. Where possible, it would be helpful to identify

The Southern California Stormwater
Monitoring Coalition {SMC), has used
alternative non-CFR approved
methods to offer cheaper and faster
sampling technicues. For example,
tachnologies such as

avenues to address impediments to their use, whether through  they havae used
rale changes, use of existing procedures to approve use of {1} genetic analysis for rapid fecal
new technologies on a case-by-case basis, or other creative bactara measuremant because.
uses of the technologies, to improve program operation if results Wim”ﬁ an E"‘?‘“’" to»heﬁp w)tl’x
ccnins source tracking and public heakth
necessary. notification), {2} genetic
measuramants for pathogens
because CFR methods are not
sufficient for assessing health risk and
trus benaficial use loss, and {3)
genatic methods for measuring algas
i streams bBecause there is only one
lab in the state who does traditional
{microscops) algal taxonomy.

Representatives from environmental organizations at the
workshop explained that they often employ new technologies
that are not approved by 40 CFR Part 136, as they are not
testricted to permit-approved methods for their research
activities. This group possibly tepresents a part of the sector
that may be more willing to test new approaches and then
share with the broader program.

Additional discussion about envisioning uses for sensors and other new technologies is included in
Section 3.3.23:3:2 below.

3.3 Tafloring Ouitfall and Receiving Weater Monitoring to inform MS4 Progrom
Monagement

Municipal stormwater programs ate unique compared to most sources under the NPDES program
because there are often many discharge points from a storm sewer system and relatively little direct
treatment prior to discharge. There are also as a wide varety of external factors, many times beyond
the control of the permittee—for example, instream pollutants coming from multiple sources (see
Figure 5 below)—that contribute pollutants to receiving waters, not just stormwater runoff. MS4s
also vary substantially in size, complexity, and management challenges. A point source such as a
wastewater treatment plant (WWTIP) operates in a much more controlled environment with a more
obvious approach for pollution reduction, monitoring, and attributing permittee actions to water
quality responses.
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Figure B, Graphic ithustrating the various sources of pollutants which may contribute to receiving

water quality, making it difficalt to determine the contribution from stormywater. {Graphic from DC
Water)

Traditionally stormwater program managets have telied on assumptions about the performance of
their program activities and BMPs in gauging their overall program effectiveness. However, now
with an increased focus on water quality goals and TMDL pollutant reduction requirements, there is
an increased emphasis on measuring the performance of BMPs and measuring the effectiveness of
municipal stormwater programs overall. Across the country, many local programs are performing
some degree of outfall, receiving water, and BMP-level monitoring to determine pollutant levels and
demonstrate reduction trends (either in response to a permit requirement or on their own). Tailoring
this monitoring by making it as robust and discriminating as possible will help dischargers prioritize
programmatic approaches to teduce pollution as well as inform planning for and siting of physical
BMPs.

Increasing targeted data collection alone, of course, will not automatically lead to improved program
effectiveness. One hundred percent of survey respondents agreed that monitoring must go beyond
data collection to include data management and analysis that links the acquired information to
specific performance metrics. Workshop participants indicated a need for guidance in designing
monitoring programs to yield actionable results and for assistance in linking monitoring data to
programmatic decision making. Some participants also expressed a desire to expand the use of real-
time monitoring for stormwater operations and supported deploying pilot programs and special
projects for innovative monitoring technologies coming to matket.
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California’s Phase I MS4 General Permit requires the development and implementation of a Program
Effectivensss Assessment and improvement Plan {PEAIP). A crivical component of this is gererating and
analyzing usaful data {e.g., through monitoring) to inform program improvements. in an effort to promote a
uniform and affec approach for PEAIP development and implernentation, CASGA has developad a |

ork for Ph it permittess. The framework emphasizes the pead to identify and prioriti
dererming where they have the most impact, Gurfall and receiving water monitoring, coupled with sroart data
analysis, play a key role in achieving this, as well as in identifying options for POC reduction.

3.3.1 Evaluate Appropriate Scale for Monitoring Efforts to Yield Actionable Results

Workshop participants described the importance of scale when conducting monitoring efforts. By
first identifying specific management problems or questions, programs can ensure that monitoring
approaches use the appropriate geographical range and time scales to address them. For example,
should a monitoring effort be done at a large scale to supply a broad regional/watershed and longer-
term perspective, or at a smaller scale for studying specific areas and shorter time steps to assess
pollutant contributions and the effectiveness of specific mitigation approaches?

Defining proper scales for monitoring also depends upon the purpose of the monitoring. As
discussed above, program effectiveness monitoring may appropriately be conducted at a broader
scale, while monitoring of BMP effectiveness may best be conducted at a smaller scale at
representative site locations.

In pursuing monitoring efforts that incorporate multiple jurisdictional scales (e.g., regional,
watershed, and statewide levels), each program should share data with their surrounding
communities. State agencies, EPA, and/or national organizations should complement local data
sharing by creating and maintaining mechanisms to more widely share these data. When program
functions are shared through partial consolidation at watershed or regional scales, there may be
oppottunities for more effectively aligning monitoring, tracking, evaluating, and reporting activities.

However, there can also be hurdles in extracting and comparing data for large-scale monitoring
efforts that comprise several jurisdictions. Therefore, local MS4 programs should ask themselves
several questions before embarking. For example:
e Are there opportunities for resource savings over the long-term?
¢ Are there incentives that can be offered for integrating new jurisdictions into existing
monitoring programs?
e Can we design representative monitoring that will provide discriminating results that can be
used by multiple jurisdictions?
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e Can sampling, analysis, and data management and
interpretation be standardized to allow for inter-
comparability?

® Do collected data help to answer established
management questions for each participating
jurisdiction?

These are just some of the considerations that need to be
addressed when weighing the pros and cons of increasing
the scale of a monitoring effort. Even in cases where no
formal partnering is established, workshop participants
suggested that monitoring and annual reporting
requirements should be structured to provide an
opportunity for inter-comparability, information sharing,
and technology transfer within a state, region, or
nationally.

Monitoring and evaluation efforts over a larger
geographic area tend to be less discriminating (i.e. capable
of detecting cause-effect relationships). In the pre-
wortkshop sutvey, 92 percent of respondents agreed that targeting
implementation and monitoring in smaller areas increases likelihood
of demonstrating linkages between implementation activities and
waler quality responses. One workshop participant noted that
in their state there is a lot of monitoring data for small
drainage areas that can show water quality improvement
or degradation, however, when looking at larger drainage

DC Water {Washington, .G} embarked on
intensive pre- and post- monitoring

activities for two green infrastructure
instailations in & small gaographic area of
D.C. to demanstrate performance and
planned water quality improvernents. 3C
Water is condurting efforts at a
refatively small scale within the managed
sewersheds 1o be able to detect signals of
change in tha receiving water. The 511
cost {fapproxdimately 2 percant of the
overall project budget} was funded through
their impervious surface charge. A
dedivared tearn was astablished o oversee
sensor installations and ensured that
eguiprnent staved in the system over a

in southern California focal stormwater
programs have installed storm drain
diversions in sorne focations to improve
water quality af the State’s beaches {
Beach Initiative {CBI}}. To demonstrate
effectiveness, monitoring was performed
tistical changes in
pre- an st-projact mean dansities of the
polutants in cartain geographic areas.

areas, the quality trends are not evident due to the obscuring effects of other inputs (e.g., agriculture)
on a larger scale. Several participants specifically suggested that permits allow for small-scale
implementation and assessment to better validate effectiveness. To help illustrate the importance of
more targeted monitoring, workshop participants identified several small-scale efforts (e.g., DC
Water green infrastructure monitoring) that have produced tangible results linking program efforts
to water quality improvement. Participants thought successful small-scale efforts should be
identified and included in guidance, case studies, or other means to inform future efforts and

provide lessons learned.
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3.3.2 Convene a Visioning Session for Daploying Sensors in MS4 Programs

During workshop discussions, participants discussed the
use of new sensor technologies (e.g., pollutants, flow,
real-time or near real-time) within the municipal
stormwater program. Several participants were working
on projects with real-time controls (RTC) in storm sewet
systems to actively control whether runoff is directed to
a groundwater infiltration basin to augment supplies or
discharged to receiving waters. These systems use
sensors and telemetry to measure flows, water quality,
and volume of available storage in different parts of the
system and make decisions accordingly. Some voiced
concern whether it was viable to use these types of
technologies for compliance determinations because of
lack of 40 CFR 136 approval and the volume of data that
would be produced. Others put forth some ideas of how
new sensor technologies could enable enhanced
operations of a municipal stormwater program for early
identification of illicit discharges and flooding, or even
make real-time decisions to direct stormwater flow to
groundwater recharge basins when conditions allow.

Workshop participants suggested convening a visioning
session focused on the identification acceptance, and

The Scuthern California Coastal Water
Resaarch Project {SCCWRP) has used
conductivity sensors in tandem with flow
sensors to dictate when to sample in
astuaries. The as have been helphul
bacause the twa-way tidal flows during
storm events rake it hard to know when
you are sampling runoff versus estuaring
receiving water,

2 day

In south Orange County, parmitiess are
utilizing remote water quality and flow
sensors deployed at outfalls to develop a
better understanding of water balance in
urbanized catchments. The watar quality
sensors can be configured to send out
automatic notifications when thrasholds
for parametears stich as turbicity are
axcaeded, allowing responsas 1o potential
ilicit discharges to be initiated as they are
occuring. The combined real time flow and
watar quality data is being used to belp

inform the implernentation of strategies to
addrass unnatural water balsnce.

deployment of sensors in municipal stormwater programs. Visioning topics should include the use

of sensors for improving system operations (e.g., illicit discharge detection, pipe clogging, flooding)

as well as for designing and implementing real-time control programs to better manage water

resources. These topics align well with existing and ongoing work being done through EPA’s Office
of Water's water technology and innovation {e.g., “Intelligent Water”). The visioning sessions should

acknowledge the challenges discussed above and present a range of remedies.

Workshop participants acknowledged a need for more
impactful studies surrounding innovative technology,
particularly for sensors and real-time controls. Further,
there is a need for broader dissemination of information
related to current technologies and best practices
available for water quality monitoring. The visioning
session could be used as a platform to identify additional
opportunities for special projects for permit inclusion to
pilot innovative technologies to improve water
management and enhance decision making.

WRF's Leaders in Innovation Forum for
Technology (LT} is a multh-pronged
initiative to help bring new watar
technodogy o the field guickly and
efficiantly. Inteiligent Water Systems has
been selected as one of theilr key focus
areas, Subscribers can participate in regular
discussion forums and presentations on the
topic, access technology evaluations, and
review the latast res
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3.4 Improving Our Ability to Quontify Effectiveness—Approaches to LUnk Water
GQuality Outcomes to Actions

Since MS4 program inception, many regulators have largely
employed a “best intentions™ approach for assessing
program effectiveness related to water quality improvements.
That is, if the components of a pennit are implemented
adequately, it is assumed that would lead to improved water
quality. Little or no data have been assembled that firmly
suppott such conclusions. To date, very few programs have
gone so far as to analyze and document the actual
effectiveness of their programmatic measures and physical
BMPs at removing pollution from stormwater runoff.

(e

Some permittees have established sophisticated monitoring and modeling to better quantify the
effectiveness of their stormwater programs; however, for the majority, a realistic and effective
approach for demonstrating the specific link between actions and water quality improvements has
been elusive. This can be due to many factors. For example, watersheds and drainage areas may be
quite large with many small sub-drainage areas where stormwater is managed, either through
tazgeted programmatic practices or physical BMP treatment. This can create the need for numerous
upstream and downstream monitoring locations to accurately determine the effectiveness of
implemented actions. Beyond the logistical hurdles a permittee may face, a widespread monitoring
effort would likely be cost-prohibitive for the average permittee. There is often a significant lag time
between implementation of controls and discernable achievement of water quality benefits. This
may occur in part because of the slow pace of BMP implementation in many watersheds, and in part
because wet weather-related water quality responses are often highly variable and difficult to detect.
Further, stormwater pollution sources are often dynamic (constantly changing) and vary widely.

There is o resounding need to deveiop ond convey Better analvtical methods for drawing linkages
between implementation activities and water quulity effects and owtcomes {both prospective and
after the fact). This can lively be gecomplished through modeiing and non-modeiling methods to
make more reflable connections.

Caomment from o Workshop Participont

Wortkshop participants agreed that MS4 programs should move away from the “best intentions”
approach and focus on improving capabilities for determining and quantifying the actual
effectiveness of specific actions in improving water quality. Thete was an acknowledgement that
useful data may exist that have not yet been tapped for this purpose (e.g., turbidity and sediment loss
data for construction sites, data collected for rulemaking purposes). Likewise, potentially transferable
approaches have been deployed in other programs, such as for combined sewer overflows.
Workshop participants communicated the need for better toals, guidance, and methods for
accurately quantifying BMP performance and integrating information about BMP effectiveness
across larger geographical scales.

Participants agreed that a crucial first step is improving tracking of BMP implementation,
maintenance, and condition. Without a thorough understanding of where BMPs have been
implemented (and whether they have been installed properly), and a system for ensuring they receive
timely maintenance, MS4 managers will likely be unable to evaluate BMP effectiveness at site-
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specific or system-wide scales. During the workshop, attendees discussed the need to expand use of
Asset Management systems to provide the management and tracking framework necessary to
propetly account for and maintain stormwater BMPs.*

3.4.1 Document the Current State of Knowledge of BMP Performancs and
Effectiveness

Workshop participants were divided in their assessment of the current state of knowledge on BMP
performance and effectiveness. Some thought there was a robust cache of data available, while
others saw a clear need for more and better information. It was generally agreed that available BMP
effectiveness information is limited for certain pollutants (e.g., polychlorinated biphenyl [PCBs],
metrcury). There was also broad acknowledgement of the need for improvement in interpreting and
disseminating the results of unique and beneficial datasets regarding BMP performance and
effectiveness to promote better knowledge transfer.

During the previous workshop assessing the overall MS4 program, participants identified that
petformance of treatment and source control BMPs® needs to be better measured and reported for
existing approaches as well as new technologies as they come to market. The resultant report
acknowledged available data and information are particularly limited concering effectiveness of
source control BMPs such as public education, illicit discharge controls, and facility inspections.
These source control elements are important building blocks of the traditional M$4 programs.

Participants in the march 2018 workshp highlighted the need to better account for and distinguish
the effectiveness of BMPs for different pollutants, and in different implementation settings that
account for geographical factors such as watershed characteristics, land use types, and BMP
condition.

Some publicly-accessible resources do exist with documented examples of BMP performance data.

and tools related to stormwater BMP effectiveness. The Database is well positioned to host and
disseminate documented test results and studies from many of the leading organizations addressing
the topic of BMP effectiveness, such as WEF and its National Stormwater Testing and Evaluation

for Products and Practices (STEPP) Initiative, which is aimed at validating the performance of
imnovative stormwater management technologies. However, workshop participants noted that the
Interational BMP Database has limited capacity to store data and information in a way that enables
evaluation of how BMP performance might vary in different implementation settings and for
pollutants that were not the focus of initial testing. Other organizations, like CASQA are working at
the state or regional level to develop more locally focused tools to help quantify the water quality
impact of stormwater program actions (e.g., calculating source-load reduction).

4 See “Asset Management Programs for Stormwater and Wastewater Systems: Overcoming Barriers to Development
and Implementation” Prepared by PG Environmental for U.S. EPA, March 6, 2017.

https //www3.epa. gov/regiond/water/npdes
Implementation-of-Asset-Management-Plans.p

3 In the stormwater program, there is often overlap and ambiguity in the terms used to describe practices to control the
volume and/or quality of stormwater runoff (e.g;, post-construction BMPs, permanent stormwater controls, structural
BMPs, non-structural BMPs).)., treatment controls, source controls, MCMs).). For simplicity and consistency, this report
uses “BMPs” to include these types of control measures i both gray and green mfrastructure applications.
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Some cities have also done excellent work to evaluate and document BMP effectiveness. For
example, the City of Portland, OR’s stormwater program has conducted detailed performance
evaluations of stormwater management facilities in the city. Portland’s detailed evaluation accounted
for differences in practice design, placement, and performance, which assisted future practice siting
and design to optimize effectiveness. (see, for example, City of Portland, 20006).

Workshop participants acknowledged that despite the currently available resources, there is still a
need for more research and information sharing to improve our ability to quantify the effectiveness
of stormwater program actions. Broadly inclusive databases can be a good starting point, but
additional data reflecting location-specific information such as geomorphology, hydrology, climate,
O&M strategy, and the presence of unique or emerging pollutants are needed. Ultimately, increasing
the variety and robustness of data and information about different BMPs’ performance and
effectiveness is needed to build the capacity of local programs, public agencies, and private patties to
implement the most appropriate methods for addressing specific pollutants under local conditions.
Participants agreed that expanding our understanding of BMP effectiveness is not solely the
responsibility of any one sector of the stormwater management community. It was agreed that
permitting authorities, permittees, technology vendors, researchers, and trade organziations will need
to cooperate in organizing research to more fully understand BMP effectiveness over time across a
wide range of settings.

3.4.2 Improve the Applicability and Usefulness of Modeling through Collecting and
Incorporating Better Performance Data

It is very difficult to project long-term stormwater management needs, opportunities, and
effectiveness at watershed or broader geographic scales. Modeling is—and will likely remain—a
primary method for assisting long-term stormwater planning and project siting. Workshop
participants acknowledged that models are increasingly being used to supplement water quality
monitoring and provide flexibility to permittees when a widespread comprehensive monitoring
program is infeasible. For example, several states have developed MS4 permitting frameworks that
allow for “reasonable assurance analysis” (RAA) based on modeling to demonstrate permit
compliance.® As this practice becomes more commonplace, there will be a need to improve the
ability of models to demonstrate water quality impacts from stormwater management activities.

Used properly, modeling can also greatly assist in the evaluation of stormwater program
effectiveness and BMP performance at a wider landscape scale. Workshop participants expressed
concern that the current limitations in effectiveness and performance data have resulted in lower
confidence in the ability of models to be useful across a wide variety of stormwater management
settings (e.g., different regions, climates, hydrology, geomorphology). They emphasized the need to
collect more and better effectiveness data for all BMPs to improve the usefulness of modeling,
especially for source control BMPs (e.g., public education and outreach, illicit discharge detection
and elimination, facility inspections).

Source control BMPs can be a critical for reducing runoff pollution, but often rough estimates or
utilized or they are left out of stormwater models entirely because their effectiveness is difficult to

 For more background on RAA approaches, see the EPA Region 9 guide, “Developing Reasonable Assurance: A Guide
to Performing Model-Based Analysis to Support Municipal Stormwater Program Planning™:
https:/ /wwwid.epa.cov/rerion? /water /npdes /pdf /stormwater /meeting—Zolé—OQ ‘dev-reasonable-assur-guide-model-

base-analys-munic-stormw-prog-plan-2017-02.pdf.
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quantify and there areare limited data available on these practices. Proactive and preventative
pollutant source control methods such as illicit source detection and good housekeeping measures

also tend to be underrepresented.

In stormwater modeling, the effectiveness of BMPs has traditionally been calculated based on runoff

volume reduction (ie., pollutants are reduced through decreasing the volume of runoff carrying
those pollutants). In some cases, flow may be a suitable surrogate for certain pollutants (especially
those that buildup and wash off impervious surfaces over time) rather than using BMP removal
efficiency calculations. Participants indicated that a wide range of available models from simple to

complex are available. The EPA Region 9 guide referenced in footnote 5 provides some guidance to

aid in selecting a model appropriate to a MS4 communities needs and capabilities. Workshop
participants suggested that many communities will need additional technical suppozt to assist in

model selection and implementation, and, in some cases, transitioning from use of simple models to

more complex models as planning, assessment, and management needs change over time.

Ultimately, stormwater managers need useful
models that inform decisions and quantify progress.
This requires modeling tools with the ability to
represent all factors contributing to pollutant
reduction and incorporate new information and
adapt model outputs over time. To this end, there
was an acknowledged need for guidance on how to
effectively calibrate stormwater management
models and link them with siting tools.

Before relying on models as an alternative to
widespread monitoring, there needs to be proper
calibration to instill as much confidence as possible.
Workshop participants had questions as to how
many locations or which activities need to be
monitored to provide sufficient data for calibrating
a useful model. What is the optimal density of
monitoring to inform modeling; is it a cost-effective
approach? Workshop participants from southern
California indicated that they are transitioning
toward relying more on models for predicting water
quality impacts because they are responsible for
hundreds of water bodies impaired by a wide variety
of pollutants. While no model will ever be 100
percent accurate, they can become more useful
through use of high-quality data that are
representative of real-life conditions to assist model
calibration and validation.

Example EFA Stormwater Planning Models

{SWMM) is a robust tool used worldwide o
astimatae the affacts of stormwater runatf on
collaction systemns and the environmant, SWMM
concucts hydraulic and bydrologic simulations
and has the capacity to estimate pollution
reductions related to BMP implemantation {EPA,
20186)

ERA’s National Stormwater Calculator helps
devalopers assass the impacts of runoff from the
impervious surfaces on thelr projects. it also
provides guidance and runoff reduction

ates that can ba used to help select
ow impact developmant controls (EP4,

EPAs System for Urban Stormwater Treatment
and Analysis IntegratioN {SUSTAIN) uses the
SWRM model within its system to allow users to
develop, evaluate, and select optimat BMFP
cormbi arshad scales basad
OB oS

w effectiveness. Some are using
SUSTAIN couplad with the Hydrologic Simulation
Program {(HSPF) and other watarshed ¢

support long-term planning efforts and evaluate

effectiveness,

3.4.3 Evaluate Methods to Account for True Source Controls in Models

Participants at both workshops acknowledged a need for better effectiveness data related to source
controls and better methods for accounting for such data in stormwater modeling. True source
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control refers to actions that eliminate the actual pollution before it has the potential to be
discharged (e.g., eliminating copper in brake pads, narrowing authorized pesticide uses, and banning
use of plastic bags). Since source control is preventative in nature and not treatment-based, it is
often difficult to accurately quantify the impact total or partial removal of a specific source has on
the quality of a water body. Typical stormwater management models only account for pollutant
removal after the occurrence of a rainfall event (e.g., pollutants are already on the ground and are
transported via runoff into conveyances and treatment control BMPs). True source controls remove
pollutants from the environment before they have a chance to contact runoff. Several workshop
participants expressed the belief that true source control is the most effective BMP and contributes
greatly toward meeting regulatory goals like TMDL wasteload allocations. There was an
acknowledged need for finding better ways to represent these impacts in predictive models.

3.5 Improving Frogrom Trocking and Reporting

Tracking and teporting are often discussed in tandem, yet it is

. . : L. . Minety-two percent of
important to differentiate between these activities. As part of their

raspondents agreed that

NPDES permit requirements, Phase I and many Phase 11 MS4 “Resorting reguirements should
programs must report on their implementation actions (and, oten, mave heyond passive activity
associated program effectiveness) every year. Programs are and data tallies to incorgorate
therefore compelled to perform tracking activities to fulfill this gctive effectiveness evaluation

requirement. Since the quality of a tracking program generally is anid clear finkuges o program
. - he 1 " fgat ot Getion”
not evaluated as part of the regulatory obligation, this time- and
resource-intensive endeavor can amount to little more than a
“bean-counting” exercise if not structured properly. Voluminous paper reporting is another
common criticism, especially in programs where NPDES permitting authorities are not able to fully

review the annual reports.

Workshop participants indicated that tracking and reporting should have a clear link to the required
program activities to enable a true effectiveness assessment. The forthcoming NPDES Electronic
Reporting Rule, which requires entities to electronically submit specific permit and compliance
monitoring information instead of filing paper reports beginning in 2020, presents a key opportunity
to re-envision how tracking and reporting can yvield more useful and usable data. It should be noted
that 88 percent of survey respondents agreed that e-reporting will not improve reporting quality
unless more measurable and evaluative metrics are associated with program activities.

3.5.1 ldentify an Approach for Using Established Performance Metrics to Guide
Tracking and Reporting Efforts

Section 3.1.33-4:3 described the need to establish key performance metrics for more effective
program monitoring. The Phase I MS4 regulations introduce the concept of establishing
“measurable goals” as a component of stormwater management programs to “evaluate the
effectiveness of individual control measures and the storm water management program as a whole”

1T MS4 permits by requiring that permit terms and conditions “be expressed in clear, specific, and
measurable terms” (40 CEFR 122.34{a). EPA’s Measurable Goals Guidance for Phase II MS4s explains
that there are various ways local programs can write their measurable goals and identifies the
following main categories: (1) tracking implementation over time, (2) measuring progress in
implementing the BMP, (3) tracking total numbers of BMPs implemented, (4) tracking
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program/BMP effectiveness, and (5) tracking environmental improvement. Some of these loosely
align with the six CASQA outcome levels, with the highest outcome (or measurable goal category)
related to improvement in receiving waters. However, measutable goals for most Phase 11 MS4
programs tend to be more focused on tracking the occurrence of activities or outputs rather than

outcomes (categories 1 to 3). The programs then report on a myriad of program activities in their

annual reports, which can be cumbersome, time-consuming, and may only provide minimal insight

into the effectiveness of the underlying programs.

A dynamic activity tracking, evaluation, and reporting system enables more coordinated program

management and adjustment and clearer permit reporting. Focusing on program elements that are

linked directly to quantifiable water quality outcomes
(e.g., BMP maintenance) and reporting tools that provide
transparent accounting of benefits and are field-
verifiable will accelerate progress and provide useful
information to decision makers. Once a program
determines what elements need to be monitored, it
should seek to adopt a more integrated information and
data management system that synthesizes data
geographically and supports real-time management
decision-making. An increasing number of programs are
beginning to adopt asset management approaches for
integrating disparate data systems.7 One workshop
participant noted that implementing a more holistic asset
management approach provides an appropriate
framewotk for systematic performance tracking. This in
turn can promote a better understanding of the
correlation between activities and outcomes and generate
actionable information on overall performance.

The City of Salinas, California started using
an E3Ri-hased geospatial tool called
INFORM in 2017 to streamline thely
stormwater program tracking and
eyvaluation process. Rather than spend
months compiting hard copy inspection
reports, public works staff can now enter
data directly info a cenfralized databass
syncad with information on hydrology and
local geographic features. This rich, readily-
accessible data set is intended to enable
petter BMP performance assessment and
overall decision-making.

f

For more information about the City's
agperienca, see:
https://www.esri.com/about/newsroom/ar
cnews/startup-takes-on-stormwater-

Workshop participants stressed the importance of tracking locations, capacity, types, and
performance (or maintenance status) of treatment control BMPs. Collectively, these serve as useful
metrics for determining program progress and permit compliance on short time frames and can
guide action prioritization. Another participant noted that collecting better data on the health of
receiving waters is critical not only for program management but also for effective public outreach.
Training and examples will be needed to assist communities in implementing new methods and

incorporating them in permits.

7 Asset management 1s a means to capture nformation on stormwater asset location, age, type, condition, maintenance
history, and cost to help faclitate long-term planning and budgeting, staffing and workflow analyses, enhanced tracking
and reporting, proactive maintenance, development of multi-benefit projects, and visual demonstration of progress with
identified service levels. The report from the 2017 MS4 workshop included recommendations to (1) build capacity for
asset management and (2) incentivize asset management.
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3.5.2 Determine the Most Effective M54 Program Reporting Mechanisms and
Farmats

Improving the functionality of reporting mechanisms will
help streamline the process for program staff, making them

During the warkshop, a Phase |
permittes reprasentative described

more likely to fully engage in the effort. Workshop how one of their MS4 annual reports
participants suggested that a national stormwater organization fitled 18 file bones when printed.
(e.g., WEF, NMSA) could survey states to identify the most Permittees and regulators atike
effective teporting mechanisms currently in place. The results acknowledgad the immensa effort
could then be used to inform the development of a Web- often expended by permittess on

anpual reporting and a common lack
of resourees at regulatory agencies to
fully review and interpret submitted
matarials,

based template for implementation under the new Ii-
Reporting Rule. Baseline components would likely include
data on receiving waters, outfall monitoring, and interim
progress on milestones towards water quality requirements
(e.g., wasteload allocation progress for TMDL compliance). Enabling the teporting of more and
better data can in turn support the continued development of the local program.

Ultimately, this program information is shared in the annual report. Though the document fulfills a
specific regulatory purpose, improving its overall usability would help to promote knowledge
transfer across different programs. Workshop participants expressed support for a watershed
approach that aggregates information from across the municipalities. Several workshop participants
suggested developing a method for an annual report that shows answer and ‘work’ to benefit
multiple audiences. They described a few exemplaty local examples that provide online access for

regulators and the public alike to dig into program information. This would necessitate a platform ot

other mechanism for more robust tracking so that annual reports could be more digestible. Indeed,
the need to declutter and slim down annual reports to the essential components was a common
refrain.

Future reporting systems should be able to incorporate new information as permit requirements,
opportunities, and technology shift over time while providing outputs that clearly communicate
actionable information about program activities and effectiveness.. Guidance and training on new
reporting frameworks and how to incorporate them in permits will be needed to advance reporting
approaches at the state and local levels.
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4 OPPORTUNITIES AND NEXT 5TEPS

EPA Region 9, in partnership with the State of California and EPA
Headquarters, convened the Improving Stormmwater Permit Approaches
to Monitoring, Tracking, Evalnation, and Reporting workshop to
generate concepts for an overall better framework for stormwater
program assessment and adaptation. Through facilitated dialogues,
participants helped to identify more impactful, innovative
approaches aimed at optimizing the use of scarce permitting and
program implementation resources. Specifically, they highlighted
opportunities to improve water quality outcomes through
optimized design and implementation of monitoring and
evaluation tools and tracking and reporting approaches.

Key findings from this workshop and the first wotkshop on
workshop about improving overall approaches to stormwater
permitting and program implementation will be broadly shared
among EP A, state permitting agencies, local MS4 permitting

agencies, permittee and research associations, and associated ote. BRA

consultants and stakeholders. Workshop participants recommended multiple specific actions and
strategies to address the issues and opportunities discussed at the workshop. The following table
identifies these actions and strategies within relevant activity categories and identifies organizations
that may be best suited to carry out these recommendations.

EPA anticipates working with these parties to conduct further program evaluations and identify
specific actions for implementation. For example, EPA is currently developing an on-line training
course on stormwater program finance methods, a key recommendation from the first workshop.
Collectively, these recommendations provide a strong foundation for strengthening monitoring,
tracking, evaluation, and reporting approaches to improve stormwater programs and permits and,
ultimately, water quality.

Table 4, Recommended actions to improve program k:se&rﬁ)fmemce&f.

”,,.r-"‘{ Commented [SD4AL: Plaae formatto pilee table on ore pace:
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entries for each achomiteny Would likeus toireplicate that
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Strategy/ Action {i{&v ﬂx‘gaﬂixatiemlﬁ

CAPACITY BUILDING AND PROGRAM SUPPORT
e Clarify vision for future stormwater monitoring | B EPA Bl Consultants
s Develop monitoring program improvement Bl NMSA M OWEF

guide ¥l Permitiee groups B Universities
s Establish key activity and sutcome-hased ¥ States

performance metrics
e i ways to leverage existing data
PERMITTING RECOMMENDATIONS
e Clarify permit reguirements regarding E EPA ¥ ACWA

monitoring, assessment, tracking, and reporting | B NRMBA W1 WEF

Bl Permittes Groups ¥ Universities

beside earhiaction?

Commented [SD6R5]: Voo please replicate that sporoach. Thad

doing that when Dereated tiedraft of thigtalble.

ED_002551_00001724-00047



improving Stormwater Program Monitoring, Tracking, Evaluation, and Reporting

s Adjust permits to make Special Studies more
useful

e Evaluate whether lack of 40 CFR 136 methods
approval inkhibits use of new methods

Bl States

MAKING MOMITORING MORE DISCRIVINATING

s Evaluate appropriate scales for monitoring to F EPA B Consultants
yield actionable resulis FT MRMSA BT WEF

s Explore opportunities for broader use of Bl Permittes groups B Universities
sensors in M54 programs Bl States

IMPROVING METHODS TO LINK WATER QUALITY DUTCOMES 1O ACTIONS

s improve documentation of BMP effectiveness Bl Permitiee Groups B Universities

e improve modeling performance data & Consultanis M OERA

s Evsluate methods for accounting for “true &l OWEE Bl States
source control”

IMPROVE PROGRAM TRACKING AND REPORTING

e ldentify methods to use performance metrics to | B EPA B NMSA
guide tracking and reporting M States ¥ Consultams

e Determine more effective M54 grogram 1 WEF
reporting mechanisms and formals
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APPENDIX A: WORKSHOP ATTENDEES

Name

Organization

Llocation

Karer Ashby

Larey Walker Associates

Davis, CA

Micole Beck

2™ Nature

Santa Cruz, CA

Bethany Bezak

D.C Water

Washington, D.C

Eilen Blake

EPA Region 9

San Francisco, CA

i Bothwell

California Coastkeeper Alliance

harn Francisco, CA

Eugens Bromley

EPA Region @

han Francisco, CA

Geoff Brosseau

California Stormwater Quality Association

tenlo Park, CA

Seth Brown

Water Environment Federation; Storm and Stream

Alexandria, vA

Steve Carter

Paradigm HIO

San Diego, CA

Matt Fabry

San Mateo County

Redwood City, CA

Wes Ganter

BG Ervironmental

Gaolden, CO

Chad Heimle

Tetra Tech

San Diego, CA

Bobiw lacobsen

PG Erwironmental

Galden, O

Peter Kozelka

EPA Region 8

San Francisco, CA

Keith Lichien

San Francisco Bay Regions! Water Quality Control Board

Qaidand, CA

Chris Minton

Larry Walker Associates

Seattie, WA

Thomas Mumley

San Francisco Bay Regional Water Quality Control Board

Cakland, CA

Randy Neprash

National Municipal Stornnwater Alllance; Minnesota Cities
Stormwater Coal Stantec, Inc.

At Paul, MN

Mell Green Nylen

Liniversity of California, Berkeley

Berkeley, CA

hatt D' Maliey

Coastkesper

San Diego, CA

Eiizabeth Ottinger

EPA Region 3

Philadelphia, PA

Gaylean Pery

California State Water Resources Control Board

Racrarmenta, CA

Renee Purdy

Los Angeles Regional Water Quality Control Board

Los Angeles, CA

Dominic Rocgues

Central Coast Regional Water Quality Control Board

Gan Luis Gbispo, CA

Ken Schiff

Southern California Coastal Water Research Project

Costa Mesa, CA

Grant Sharp

Orange County

Orange County, CA

Dave Smith

EPA Region 9

San Francisco, CA

Chris Sommaers

EQA, Inc.

harn Francisco, CA

Michael Trapp

1911

Carlsbad, €A

Suzanne Warner

EPA Region 1

Boston, MA

Richard Watson

RWA Planning

Mission Viejo, CA
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APPENDIX B: WORKSHOP AGENDA

Chverview

This workshop is the second of two planned meetings that will focus on the evolution of
stormwater programs and permitting requirements. The first meeting {in December 2017}
addressed minimum control measures, industrial/construction program requirements, and
water quality-based control requirements. This second workshop will focus on municipal
stormwater program monitoring, tracking, evaluation, and reporting provisions. We will
evaluate experiences to date and opportunities to improve in how we:

[0 Establish Performance Metrics that form the basis of tangible targets and goals for the
program and program elements,

1 Monitor stormwater, with an eye toward strengthening the linkage between
stormwater program actions and our ability to quantify change in stormwater and
receiving water quality,

L1 Use other evaluation methods (e.g., measuring surrogate measures, activity metrics,
BMP implementation, etc.) with, or instead of, water quality measures,

[0 Track program implementation and progress in meeting goals (both water quality and
other types of program goals), and

1 Report on program progress and accomplishments to stakeholders and permitting
authorities.

As we did in the December meeting, we will focus to a significant degree on how NPDES MS4
permits can be better structured or restructured to encourage/require more useful, cost-
effective approaches and reduce or eliminate less effective methods and requirements.
Workshop feedback will be synthesized with other existing research to produce a white paper
discussing opportunities to strengthen how MS4 permits and implementation programs
address monitoring, tracking, evaluation, and reporting.

Sructure

Throughout the workshop, participants will be encouraged to consider whether and how
existing MS4 program requirements concerning monitoring, tracking, evaluation, and reporting
add value and to identify ways to improve permit and program effectiveness. To enable these
discussions, each session will follow the same general structure:

[J Conversation starter. A guest speaker will provide a 5-10-minute overview, outlining the
current state of monitoring and assessment, summarizing evolution over time, or
sharing a brief example case study. In some cases, more than one conversation starter
may speak.

[J Hypothesis review. As we did for the prior meeting, we will conduct a pre-meeting
survey of participants to test a series of hypotheses concerning the effectiveness of
current monitoring, tracking, evaluation, and reporting approaches and permit
requirements. We will summarize survey responses to help identify the degree of
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agreement or disagreement concerning key lessons learned and improvement
opportunities.

[J Discussion. The facilitator will then lead in-depth group discussions. For each permit
element, we will consider 3 basic questions:

1. How effective has these program tools/requirements been in improving water
quality, telling the story about what program effectiveness, and achieving other
program objectives?

2. How can implementation of monitoring, tracking, evaluation, and reporting be
improved in the future?

3. How can permits be improved to facilitate desired changes in monitoring, tracking,
evaluation, and reporting?

[J Findings/Recommendations. Each session will be focused to solicit important findings
and specific actions to strengthen and improve the corresponding MS4 program/permit
element. The workshop will conclude with a recap in an effort to identify areas of
agreement and disagreement and issues needing further evaluation before adjourning.
The work we do at the workshop will inform preparation of a paper that will summarize
our work and hopefully help guide future actions to help improve MS4 permits and
programs.

Key Terms
It is imperative that participants understand and attempt to use a common set of terms. Some
of these key terms include:
e Program Assessment — Using a combination of methods, an analysis of the overall
effectiveness of the MS4 program.

e Monitoring — Water quality monitoring typically performed at end-of-pipe, in-stream, or

in a receiving water.

e Evaluation — A determination if the program element, activity, or an individual BMP is
meeting stated objectives and performance metrics.

e Tracking — Collecting and compiling information on program implementation.

¢ Reporting — Presenting collected information to (1) assist with compliance
determinations, (2) demonstrate adherence with Performance metrics, or (3)
disseminate information to stakeholders.

e Activity — An action taken by a permittee or a regulated entity within the permittees
jurisdiction that may provide a water quality benefit.

e BMP — A specific structural or non-structural management practice that is known to
provide a water quality benefit.

e Performance Metric — a qualitative or quantitative measure of an objective or goal.
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